Objectives: To assess level of fulfilment and utility of the hospital discharge register (HDR) as a complementary source of information for estimating the number of deaths at 30 days due to motor vehicle crashes in Spain.
Introduction

S
tatistics about people injured in motor vehicle crashes have traditionally tended to be based on police sources: this is the case in both Spain and other countries. The United Nations Economic Commission for Europe proposed the following definition for people killed as a result of motor vehicle crashes: "people dying at the scene of the crash or in the following 30 days". This implies carrying out a follow-up on all people injured and hospitalized up to the end of that 30 day period. This is not feasible in prac-tice, due to the great amount of resources required to carry out such a task.
The procedure employed to count the number of deaths based on the standard definition is variable. There are two basic methods for estimating the real number of motor vehicle crash fatalities at 30 days: a) contrasting data provided by police and health service records; b) applying a fatality adjustment factor. This is calculated periodically from a follow up of a representative sample of people severely injured in motor vehicle crashes 1, 2 . However, this adjustment factor often fails to take into account differences in the severity of injuries and mortality by road user type or other relevant variables (such as the time and place of the crash, the kind of vehicle involved, and the age of the victim). It has been reported that the application of the fatality adjustment factor to all types of crash victims produces bias in the estimation of crash deaths by road user type. This is especially true in the case of pedestrians 3 . Spain adopted the European definition of motor vehicle crash fatalities at 30 days in 1993 through the Ministerial Order of 18 th February that modified the logic for compiling statistics on road traffic accidents. This order established that the number of motor vehicle crash fatalities during the first 24 hours must be determined by follow-up of all cases. However, victims dying within 30 days of the crash must be determined by applying the fatality adjustment factor. This was to be deduced from a follow-up study of a representative sample of people severely injured in motor vehicle crashes. Until such time as it is possible to exhaustively follow-up on all victims of motor vehicle crashes, the Dirección General de Trafico (DGT, The Spanish Traffic Authority), under the supervision of the Spanish National Safety Council, will periodically carry out a follow-up study based on a representative sample of people injured at four year intervals, in order to calculate the appropriate adjustment factors 4 . Six adjustment factors were calculated according to the type of area (urban or non-urban roads) and the relationship between the victim and the vehicle (driver, passenger, or pedestrian). The following adjustment factors were determined in the follow-up study carried out in 2000: 2.41 for drivers, 2.24 for passengers and 6.17 for pedestrians for non-urban roads, and 2.17 for drivers, 2.15 for passengers and 4.34 for pedestrians for urban areas.
The application of fatality adjustment factors to estimate the number of deaths based on the standard definition is an intermediate solution until it is possible to establish a mechanism that allows us to accurately establish the real number of motor vehicle crash deaths at 30 days. The present investigation aims to assess the level of fulfilment and utility of the hospital discharge register (HDR) as a complementary source of information for estimating the number of deaths at 30 days due to motor vehicle crashes in Spain.
Methods
This is a cros-sectional descriptive study that compares different records. Two populations were included: a) people severely injured or killed as a result of motor vehicle crashes in Spain in 2001, as recorded by the police; b) people injured in motor vehicle crashes and urgently hospitalized in any Spanish public hospital and later discharged during the year 2001.
For the description of people severely injured or killed in motor vehicle crashes and estimations of fatalities due to motor vehicle crashes at 24 hours based on police records, we used information provided by the register of accidents and victims for 2001 of the Spanish Traffic Authority (DGT). The definition of severely injured was based on all of the people injured in motor vehicle crashes whose resulting condition required hospitalization for a period of more than 24 hours 5 . From Hospital Discharge Register (HDR) data for the year 2001, we selected episodes of urgent hospitalization that had been recorded as motor vehicle crashes within the variable "Financing Regime". Where this was not applicable, we selected cases in which the external cause of injury (E Code) ranged from E811 to E826, as defined by the International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM). It has been estimated that for 2001 the HDR coverage was over 98% of all public hospital admissions.
The following variables were included from the data base of the police dataset: age, sex, region (Autonomous Community) and severity of injury. From the HDR we used the following variables: sex, date of birth, the region in which the hospital was located, date of hospitalization and date of discharge (in order to calculate length of stay), destination on discharge, and diagnoses. The exact time of the hospitalization was not known.
We carried out a descriptive analysis for people injured and killed in motor vehicle crashes, calculating percentages and 95% confidence intervals, in order to study the distribution of the two study groups. The estimation of the number of deaths notified by the DGT based on adjustment factors was compared with the number of deaths calculated by the DGT and complemented with data from the HDR based on the two following assumptions: a) that the police only recorded fatalities relating to people who died at the scene of the crash or while being moved; b) that the police registered as fatalities victims who died at the scene of the crash, while being moved, and during the first day of hospitalization.
Results
Level of fulfilment of the information in the HDR
The socio-demographic and administrative variables and principal diagnoses were complete in more than 98% of cases. External causes of injury (E Code) were recorded in 70% of cases, and in 65% reference was made to a motor vehicle crash. However, the majority of the E codes were of a non-specific nature. As a result, specific information relating to the kind of accident and/or road user type (driver, passenger or pedestrian) was only recorded in 11% and 21% of cases, respectively. This prevented analysis based on the specific characteristics of the crash or of the vehicle.
Comparison between people severely injured and killed (DGT) and people injured and hospitalized (CHDR)
According to the records of the DGT, 100,393 motor vehicle crashes occurred in the year 2001, with a total of 155,116 victims, of whom 27,272 were severely injured and 5,517 died. Of these, 4,811 died within the first 24 hours and a further 706 deaths were estimated within the period of between 24 hours and 30 days after hospitalization based on application of the adjustment factor.
According to the HDR, 40,174 injured people were urgently hospitalized as a result of the motor vehicle crashes that took place in 2001. Of these, 1,099 subsequently died within the first 30 days following hospitalization and 99 did so later. Table 1 shows a similar distribution for severely injured according to age and sex for data provided by the DGT and the HDR. In the case of fatalities, the proportion of people over 59 years of age was greater among those hospitalized than among deaths reported by the police. The 27,272 people who were severely injured (and therefore susceptible to hospitalization) reported by the police in 2001 amounted to 68% of the 40,174 people who were injured and actually hospitalized in Spanish public hospitals in that same year. No significant differences in this percentage of under-reporting were observed with respect to the sex of the person injured, but this did occur with respect to age: those under 15 and over 74 were less represented in the records of the police. A great deal of variability was observed with respect to distribution by region, with Ceuta and Melilla presenting high rates of underreporting whereas in other regions, such as the Balearic Islands and Castilla y León, DGT records tended to overreport with respect to those of the HDR. It is important to bear in mind that whereas the records of the DGT include the region in which the accident occurred, those of the HDR record the region in which the victim was hospitalized (which in some cases may not be the same as that in which the motor vehicle crash actually took place).
Estimation of the number of deaths according to the two sources of information
According to data from the DGT, 4,811 persons died as a result of motor vehicle crashes in the first 24 hours following the accident, with this number rising to 5,517 according to the estimation of motor vehicle crash fatalities at 30 days. According to data from the HDR, 1,099 persons died in the 30 days following hospitalization, with 223 of them dying on the same day that they were admitted to hospital. For estimations of the real number of deaths at 30 days, two assumptions were made: Assumption A: Supposing that the number of deaths in the first 24 hours after the accident provided by the DGT only refers to deaths at the scene of the crash, the number of deaths at 30 days could be estimated as: Deaths recorded by the DGT + hospital deaths = 4,811 + 1,099 = 5,910.
Assumption B: Supposing that the number of deaths in the first 24 hours after the crash according to data from the DGT includes deaths occurring on the same day as hospitalization: Deaths recorded by the DGT + hospital deaths at 30 days -hospital deaths at 0 days = 4,811 + 1,099 -223 = 5,687.
Based on these suppositions, the 5,517 deaths at 30 days estimated by the DGT would represent an underestimation of -6.6% with respect to assumption A and of -3% with respect to assumption B (table 2). In the first assumption the underestimation was similar for both sexes (-5.9% men, -2.5% women), whereas in the second, it was greater amongst men (-5.8%) than amongst women (-1%). Figure 1 shows these percentages by age groups. With increasing age, the tendency to underestimate deaths increases, reaching its greatest level amongst those in the over 74 age group. Figure 2 shows percentages of variation according to the region in which the accident occurred (presupposing that this was the same region as that of hospitalisation). As can clearly be observed, a high degree of heterogeneity was observed between the different regions.
Discussion
This study represents the first attempt to develop and use data relating to people injured in motor vehicle crashes and hospitalized in public hospitals based on the Hospital Discharge Register (HDR) for the whole of Spain. The study also documents the percentage of under-reporting of motor vehicle crash fatalities at 30 days by the police. A n d a l u c í a A r a g ó n A s t u r i a s B a l e a r e s C a n a r i a s C a n t a b r i a 
Level of fulfilment of the HDR and limitations of the data
Socio-demographic and administrative variables and diagnoses of disease and injury were generally shown to present a good level of fulfilment. Even so, variables such as road user type and type of crash, as provided by the external cause of injury codes, were not sufficiently well documented to be of great utility. As a result, it was not possible to appropriately analyse these variables. Although these problems are not exclusive to this country 6 , their potential importance justifies taking extra measures to ensure the quality of information relating to these variables. The strategies that have been used until now for the remaining variables, and which are linked to the financing of hospitals, should be considered or amplified for variables involving incomplete information, and in particular with respect to the code for external causes of injury.
Furthermore, the characteristics of the information source imply certain operative limitations that must also be taken into consideration: although the HDR enjoys wide public coverage (98% for 2001), it excludes data from private hospitals. This could explain some of the differences observed between different territories; ie, the number of private beds available varies from one region to another. Furthermore, the lack of a personal identifier prevented us from eliminating potential cases of duplicated episodes or re-hospitalizations. Nevertheless, the number of such cases was minimized by the exclusion of non-urgent hospitalizations. This problem is examined in the literature and there is evidence that the lack of a means for identifying duplicates could lead to an overestimation of the incidence of injuries 7 . Another problem that must be taken into account is the lack of information about the time of hospitalization. Hence, an accurate estimate of the real number of fatalities is rather imprecise, regardless of the assumption employed. Finally, and as occurs in other countries, it must be assumed that the recording of crashes by the police is not complete [8] [9] [10] . In general, the level of under-reporting tends to be greater for less serious crashes, for those involving fewer people or not involving third parties, and for crashes that occur in urban areas 11 .
Estimation of the number of people severely injured and killed at 30 days
Comparisons between the two sources of information show that at least a third of the patients hospitalized due to motor vehicle injuries were not identified by the police as being severely injured (and therefore regarded as susceptible to hospitalization). As a result, these cases would not have been the object of a followup 30 days after hospitalization in cases when such action would otherwise have been carried out. This could have been because the crash was not recorded by the police (lack of coverage) or due to misclassification, with severe injuries being incorrectly diagnosed as minor injuries and therefore not meeting the general criteria for hospitalization.
Some studies have shown that relying on police officers to assess the severity of injuries may introduce certain bias [11] [12] [13] . For example, Laumon and Martin observed that 3.4% of people injured in crashes who were reported by the police to have suffered only minor injuries were, in fact, severely injured according to the Maxim Abbreviated Injury Severity scale 14 (MAIS). Similarly, 54.3% of people considered severely injured according to police records were classified as having only moderate or minor injuries by the MAIS. These same sources also refer to the fact that the police tend to overestimate the severity of injuries of certain types of road user, such as pedestrians.
The level of underestimation of deaths at 30 days made by the DGT with respect to those really occurring (based on the records of the DGT and on data from the HDR) oscillates between -3% and -6.6%, according to the assumption considered. This is similar to what was found in a study conducted in The Netherlands 15 in which estimates based on police statistics were shown to under-report hospitalizations by 7%. This under-reporting increases with the age of the victim and is particularly important amongst victims over 60 years of age. On the other hand, in the case of the under 15s, there is no under-reporting whatsoever and there could even be some degree of overestimation in the case of children. In addition, the failure to correctly identify serious injuries to children could also be due to the fact that children have a much greater probability of survival after suffering serious injuries than adults. On the other hand, in the case of the elderly, the opposite would tend to occur. Furthermore, in the case of people who already have a rather poor state of health, relatively minor injuries may lead to complications and even result in death.
Under-reporting of people injured in motor vehicle crashes in police records has also been reported in other studies. Nakahara and Wakai refer to the fact that only half of the children under 7 years of age who required medical treatment were reported as needing it by the police 16 . Other studies have cited levels of under-reporting of between 9% and 20% 12, 17 . The variability in under-reporting from one region to another is more difficult to explain as many of factors may be involved. These could include: variations in the coverage of private services (not included in this study); the fact that the region in which the crash occurred may not always have been the same region in which hospitalization took place; and the smaller number of crash fatalities in some regions. This study constitutes a first attempt to estimate the number of motor vehicle crash fatalities at 30 days carried out in Spain without the need to apply an adjustment factor. The Hospital Discharge Register (HDR) was shown to be a useful tool for this purpose, but the definitive application of these data must involve establishing a probabilistic record linkage between the two data sources and other sources of relevant and related information such as hospital emergency records, if and when these are available. To achieve this goal, it is necessary to have access to more variables as this would make it possible to link records with a greater degree of validity. Given the lack of personal identifiers, it would at least be useful, to know the victim's date of birth (only his/her age is currently known) in the case of the DGT records. It would also be useful to know the time of hospitalization, type of crash, and vehicle involved (which would imply a greater level of fulfilment of the external cause of injury, E Code) in the case of HDR data. Ideally, knowing the name and surnames and/or National Identification Number of the victim would help to establish stronger record linkage and would allow more reliable estimations of the number of people injured and killed in motor vehicle crashes.
Given the quality and the utility of the data relating to hospitalizations presented in this study, it would certainly be useful for hospital emergency services to incorporate a similar information system providing a minimum data set including diagnoses and external cause codes when applicable. This would complement existing information provided on hospitalizations and would allow closer monitoring of the impact of road safety policies. It would, for example, make possible to observe trends relating to both the number of people injured and also the severity of these injuries.
In summary, this study constitutes the first attempt to describe the pattern of motor vehicle injuries in Spain and highlights the utility of the Hospital Discharge Register for this purpose. This tool, which was originally designed for administrative management purposes, could also be used to complement data provided by police records, on the number of deaths and severe injuries resulting from motor vehicle crashes. Improving the quality and level of fulfilment of external cause codes would also be of particular interest for planning and evaluating of road safety policies.
